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Background

3GPP GTP protocol specified in TS 29.060, allows for an SGSN to modify PDP Contexts towards a GGSN in order to, among other things, redistribute PDP contexts due to load-sharing in the SGSN. GGSN initiated PDP context Modification exists, but allows only for limited functionality. Modification of PDP Context QoS parameters may be initiated by GGSN; however, the PDP Context redistribution feature is not available to the GGSN. This asymmetric situation implies that GPRS network management is hampered and product features such as “hot-swap” are not available or available in limited scenarios for the GGSN. As a result of this unlucky protocol limitation, network performance and service availability will suffer. This will be particularly important in”always connected” scenarios where PDP Contexts will be long-lived and natural redistribution will not take place at allocation and de-allocation of PDP contexts.  A means of updating an SGSN with new GGSN Address information in 3GPP Release 7 GTP protocol is desired.
Enhanced PDP Context Modification procedure
Redistribution of PDP Contexts in GGSN requires capability to inform SGSN about new GGSN addresses and TEIDs to be used for signaling and user data. GGSN initiated Update PDP Context Request message may be suited to convey necessary information to the SGSN. IEs missing in the GGSN generated Update PDP Context Request message are TEIDs and GGSN Addresses. For backwards compatibility, as will be shown below, an indication of the SGSN action needs to be included in Update PDP Context Response sent from the SGSN.
Use case for GGSN PDP Context redistribution
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Figure 1, GGSN initiated Update PDP Context.
1. A Release 7 GGSN determines that redistribution of PDP contexts is necessary and sends an Update PDP Context Request message to the SGSN, to update the GTP tunnel with new GGSN address information and TEID that the SGSN shall use for the PDP Context.

2. A Release 7 SGSN updates the GGSN address information and the TEID for the PDP Context and returns (to the source address) an Update PDP Context Response with the Common flag indicating that the new GGSN address information has been updated.

3. The new GTP tunnel for the PDP Context is used for packet delivery. If uplink user packets should arrive in GGSN prior to the Update PDP Context Response, it is up to the GGSN implementation to handle the situation without packet drops.
Backwards compatibility
Is backwards compatibility fulfilled? If PDP Context redistribution is implemented by a 3GPP Release 7 compatible GGSN, how can it know that the SGSN understands the Request for update of addresses and TEIDs? The problem may arise since a pre-Release 7 SGSN would disregard new optional IEs that are not understood in the GTP message Update PDP Context Request, i.e. the new GGSN Address information and TEID IEs, and answer to the GGSN with a Response with Cause set to ‘Request Accepted’. The GGSN would redistribute PDP Contexts, while the SGSN would be unaware of the redistribution. The PDP Contexts would be left dangling.

To prevent this inconvenience from happening, a new indication is introduced in Update PDP Context Response sent from the SGSN, which presence shows that the SGSN has implemented the new redistribution feature and has switched the GGSN addresses and TEIDs in the PDP Context to the new requested values. An unused flag in the ‘Common Flags’ IE may be used for this indication. The ‘Common flags’ IE is included as an optional IE in the Update PDP Context Response sent from the SGSN to the GGSN.
ISRAU procedure
What happens if there is an ISRAU ongoing, see figure 2, when GGSN attempts to redistribute the PDP Contexts? Is there a possibility that GTP tunnels and PDP Contexts will be left dangling? If the old SGSN receives an Update PDP Context Request from the GGSN during an ISRAU procedure, would the old SGSN update the new addresses to the GGSN while the new SGSN would receive the old GGSN Address information? No, this situation can not occur if a sensible SGSN implementation is done such that an ongoing procedure is finished before a new procedure is started:
a) If old SGSN receives an Update PDP Context Request from the GGSN before the ISRAU message ‘SGSN Context Request’ is received, old SGSN should finish the Update Procedure before starting the ISRAU procedure. The new GGSN Address information is then updated in the old SGSN and sent to the new SGSN during the ISRAU procedure.
b) If old SGSN receives an Update PDP Context Request from the GGSN after the ISRAU message ‘SGSN Context Request’ is received, old SGSN should send an Update Reject to the GGSN and finish the ISRAU Procedure. A new cause value or an existing cause value, e.g. 'No resources available', may be used (see Note 1). The GGSN should, when receiving the Update Reject, wait for some time before retrying the Update procedure and leave time for the GTP tunnel to be established to the new SGSN. The GGSN may then initiate the Update PDP Context towards the new SGSN.
The same reasoning can be applied to the SRNS Relocation Procedure.

Note 1: 'No resources available', is a generic temporary error condition indicating that some kind of resource is used up for that moment excluding the conditions all dynamic PDP addresses are occupied and no memory is available, see 29.060, clause 7.7.1.
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Figure 2, Inter SGSN Routing Area Update Procedure.

Proposal

Redistribution of PDP Contexts in GGSN is enabled by GTP enhancements, such that TEIDs and GGSN Addresses are added to the GGSN-initiated Update PDP Context Request message. The Common Flags IE is introduced in the Update PDP Response sent from the SGSN, where a flag indicates that SGSN has effectuated the request to redistribute. A CR 29.060-585 is provided in TDoc C4-060548.
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